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||||s of Measurement Circuits* 

j^Hl^S AND PRINCIPLES OF 

6§|||J<^ f is a measure of the spread of repeated determinations of a particular quantity. 
nn aSSpds on the resolution of the measurement means and variations in the measured 
mm 

^| indebted to I. A. Whyte, L/C. Vercellotti, T. H. Putman, T. M. Heinrich, T. I. Pattantyus, 
l^as for their suggestions and constructive criticisms: The author wishes to thank Mrs. Sandra 
j|!*Leslie Arthrell for their fine work in typing the manuscript. 
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value caused by instabilities in the measurement system. A measurement . 41 
precise readings, all of which are inaccurate because of an error in caE?PF 

system. dll °tff03 

2. Accuracy is a statement of the limits which bound the departure of « m f-m 
the true value. Accuracy includes the imprecision of the measurement a3& 
mulated errors in the measurement chain extending from the basic reftanSM 
measurement in question. reierenc e^^ 

3. Errors may be classified into two categories, systematic and random ^JL« 
-those which consistently recur when a number of measurements are taken SvSI 
be caused by deterioration of the measurement system (weakened magnS If 
reference resistance value), alteration of the measured value by the addi ZM-^ 
energy from the element being measured, response-time effects, and attermS»i 
the measurement signal. Random errors are accidental, tend to follow the laws n^W 
not exhibit a consistent magnitude or sign. Noise and environmental factors SS 
random errors but may also contribute to systematic errors no M« 



TABLE 17-1 Factors for Establishing Confidence Interval 




Medic^R^h^Onvfr*^ T'pf- 'if 0f ?' *J; ish o er and F " Yates * "Statistical Tables for Biological. AfSi 
Medical Research, Oliver & Boyd. Edinburgh. 1963. By permission of the authors and publisher* ; 

The arithmetic average of a number of observations should be used to minimize M 
random errors. The anthmetic average or mean X of a set of n readings X h X*..., Xfl 

X = VXJn 

The dispersion of these readings about the mean is generally described in terms of the! 
deviation <r, which can be estimated for n observations by 



AX,- - X) 2 
n - 1 



where s approaches <x as n becomes large. — 
A confidence interval can be determined within which a specified fraction of all obserJl 
may be expected to lie. The confidence level is the probability of a randomly sdecEBHL 
tailing within this interval. Confidence intervals are given in Table 17-1 as a function QfflSSk 
ber of observations and the required confidence level Detailed information on riHnr 
errors is given m Ref. 1, Par. 17-160. , *nfl 

4 Standardization and calibration involve the comparison of a physical measureS 
a reterence standard. Calibration normally refers to the determination of the accufacrSffi 
eanty of a measuring system at a number of points, while standardization involvafflj 
ment of a parameter of the measurement system so that the reading at one specific Jlr 
correspondence with a reference standard. The numerical value of any reference stan'off 
be capable of being traced through a chain of measurements to a National Referent! 
maintained by the National Bureau of Standards 



fplbf a measurement system refers to • 
l^a^^igned to provide satisfactory measu 
BB^B^ should be chosen so that the rea< 
^^^Stirument having a linear scale which 
]Sn|>%at half scale. 

icffftion of a measuring system is definec 
J||an be distinguished. The resolution c 
Sit input. Instruments having a squar 
^ear-scale instruments. Amplification ar 
the region of interest and thereby inc 
uteLby the magnitude of the signal th; 

EOUH^E f 

SSslfinay be defined as any signal which doei 
measurement systems by mechanical c 
J^||pP Iin g of external noise can be reduced by 
IH|^agnetic shielding. Electrical . noise is ofter 
ftM gggfe as well as at radio frequencies. 
J|pf containing amplification, the noise introd 
|ffi||he noise components within the amplifier 
fegiQise in the output determines the lower lii 
J||pemal noise is minimized by shielding, fil 
j||random disturbances within the system caus 
jjggmechanical systems, Johnson noise in electr 
rajgggc elements. Johnson noise is generated by el. 
l^ggpL The equivalent rms noise voltage develope 
mm equal to \JVcTR&f where k is Boltzmam 
tittg^dth in hertz over which the noise is observe 
JRe bandwidth A/of a system is the difference t 
|ggy the system (see Par. 17-44). The bandwidth 
stagnations in the quantity being measured. The lo 
jgjgponse time is approximately equal to 1/(3 Af) A 
»time, it makes the system more susceptible to 
^^nmentel factors which influenced a2u 

I^S 1 ?^ magnCtiC ^ dectrost ^ influe 
JE^v Tem f erature c ^nges can alter the v 

K "!? 1 030 resu,t in Permanent damage. 1 
K»rements because of the influence of magnetic, ! 

JSf S .'NSTRU M ENTS,AND 

Ife?^*? » re! *° nd to *e state of a c 
Jll'ng to the vJri w u 111031 or mechanical q, 
1m . fcaf n,^ t0 be , measured - Variable classi 
fc inSec lO nUclear - radiatl ° n . electromagnetic-n 

l^ovingS^f Ude thC d AreonvaI (™ving-c 0 il 
feope ^ n r n r r mem, eleCtrOStatic voltmeter, v 
• oftheSlE'J 0 ^ 61 ™ reC ° rderS - ^^-indica 

§&™%££Sgr* and have adVi 

»serfer° rS "* USed t0 comm «n'cate output inforn 
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